Abstract -In recent years there have been large increases in the hydraulic loading rates used to design dissolved air flotation (DAF) facilities for drinking water applications. High rate DAF processes are now available at loading rates of 20 to 40 m3/m2·h. This research evaluated dissolved air flotation as a separation method for algae and organic compounds from water treatment plants. During the service period of 2016. 5. to 2017. 6., DAF pilot plants (500 m3/day) process has shown a constantly sound performance for the treatment of raw water, yielding a significantly low level of turbidity (DAF treated water, 0.21 ~ 1.56 NTU). As a result of analyzing the algae cell counts in the influent source, it was expressed at 100-120 cells/mL. In DAF treated water, the removal efficient of algae cell counts was found to be up to 90%. The stable turbidity and algae removal were confirmed by operating the high rate DAF process under the condition of the surface loading rate of 30 m3/m2·hr. The number of algae in the DAF treated water has been analyzed to be less than 100 cells/mL. These results indicated that the DAF process is effective in removing the algae.
Introduction
Cyanobacteria (blue-green algae) have been identified worldwide, posing a significant risk to water supplies when they occur in reservoirs, lakes and rivers used as water sources, due to their ability to produce toxins -as well as taste and odor compounds -as secondary metabolites under particular conditions of growth. The occurrence of cyanobacteria (bluegreen algae) in reservoirs, lakes and rivers used as drinking water sources is a worldwide environmental health issue, due to the ability of some cyanobacterial streams to produce toxins, as well as taste and odour compounds, as secondary metabolites under particular conditions of growth. The most commonly occurring group of cyanobacterial hepatotoxins in freshwaters are microcystins and as a result of the increasing concern with their health implications the World Health Organisation [1] has set a provision alguideline-valuein drinking water of 1.0mg/L for microcystin-LR (MC-LR), one of the most toxic and usual microcystin variant. Microcystins are potentially produced by common genera of cyanobacteria, such as Microcystis, Planktothrix and Anabaena [2] . Microcystis are unicellular or colonial while Planktothrix and Anabaena are naturally occurring filamentous cyanobacteria. Algae also cause operational problems such as the blocking of filters, which reduce the using time of filter and increase the consumption of backwash water. Actually, many conventional water treatment plants combined by sedimentation in Korea have undergone serious operational problems due to the scum generated by algae floats [3] .
Therefore, the more advanced and efficient techniques, that is the application of the DAF process (dissolved air flotation), have been introduced into the treatment process for reducing the algal load. Algal-rich waters have difficulties to be treated by sedimentation because of the characteristics of algae which has the tendency to float, its small size, low cell density and negative surface charge [4] . An alternative technique for the clarification of algal-rich waters is dissolved air flotation (DAF) [5] . The principle of sedimentation is based on removal of settleable floc particles by the process of gravity settling, while the principle of DAF is based on the removal of bubble-flocs agglomerates as air bubbles rise and contact with flocs in flotation tank. DAF process was not used in water treatment plants but wastewater treatment plants, so there was not much experience of using DAF for water treatment in Korea. However, it has been successfully applied in Korea to treat the raw water containing algae blooms. Primary clarification involves either sedimentation or flotation of flocculated water. Conventional drinking water treatment trains include coagulation (C), flocculation (F) and sedimentation (S). However, algal-rich waters especially important during a cyanobacterial bloom occurrence pose problems to sedimentation, due to the algae tendency to float, its small size, low cell density and negative surface charge. An alternative technique for the clarification of algal-rich waters is dissolved air flotation (DAF) [6] . As far as the DAF operating conditions are concerned, the effectiveness of the pressurized recycle system has been referred as crucial to the success and economy of the DAF process [5, 7] . DAF is generally more effective than sedimentation for treating algal-rich water.
This study evaluated several integration of a DAF combining with granular activated carbon (GAC). In order to select the best position of the GAC process and pilot plants experiments were performed using raw water, coagulated water and DAF treated water collected from YC-WPT.
Materials and Methods

Design of DAF Pilot Plant
The overall layout of the DAF pilot plant (500 m 3 /d) is illustrated in Figure 1 and Table 1 . The operation of the DAF pilot plant (500 m 3 /d) consists of three different processes, those of pre-coagulation/flocculation, DAF process, and filtration with granular activated carbon (GAC). In order to optimize the coagulation efficiency, the DAF pilot plant (500 m 3 /d) has two pump diffusion units consisting of mixing pump, jet spray nozzle, and chemical diffusers. The jet spray nozzle equipped in the raw water pipeline provides high intensity mixing by discharging between 3 and 5% of the total plant flow through the flash mix against the target plant, resulting in uniform and rapid distribution of coagulants into the raw water stream. Two types of operating modes strategically control these processes, as shown in Figure 2 . These operating modes are 1) Coagulation process, 2) DAF process, 3) GAC filtration. Among the various operating modes, the coagulation and DAF process modes are only used at the low (< 10 NTU) and common level (< 5 NTU) of turbidity in raw water. During the service period of 2015.06.01 to 2015. 06. 31, the DAF pilot plant (500 m 3 /d) was operated with only two operating modes (Coagulation process and DAF process) to test the performance of the DAF plant, regardless of the raw water quality. The DAF pilot plant (500 m 3 /d) was operated with the coagulation process and DAF process operating mode. Table 1 •h) by varying the installation height of the tank was injured optimize the sludge scraper. In addition, a nozzle was constructed in two line due to the control the bubble generation. The lower perforated plate is installed to the occurrence to generate the flow of the bubble is formed the long remained an essential device for the high rate implementation. DAF system is designed to work processing capacity of 500 m 3 according to the design criteria developed by the research process.
Operation Conditions of DAF Pilot Plant
The DAF pilot plant was installed in Y water purification plant in Yeongcheon, South Korea. The structure of the DAF pilot plant consists of raw water inlet piping, mixing process, coagulation process, flotation process, pressurized flotation system and device control. The influent flow rate was 27 ㎥ / hr maximum, and the coagulation process consisted of two stages and the retention time was designed to be 10 minutes each. The residence time of the flotation tank was about 20 minutes, and the screw type skimmer was designed to efficiently remove flotation sludge. In the case of the High Rate DAF pilot plant applied to this study, even if the residence time is designed to be smaller than the design standard of the water purification plant in the pretreatment study results, it is determined to be at least 10 minutes and 20 minutes in total.
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Results and Discussions
Optimization of Coagulant Dose for High Rate DAF Process
The optimal coagulant dose experiments were conducted through the Jar-Test to obtain the optimal operation efficiency for the high rate DAF pilot plant (500 m3/d). The coagulant used in the experiment was 10% PAC and the concentration was 0 ~ 25 mg/L. The optimum concentration of coagulant and injection amount was selected through the Jar-Test. The coagulant used in the experiment was 10% PAC, and the concentration was 0 ~ 25 mg / L. The floc condition of the high rate DAF pilot plant for the selected coagulant injection concentration and the treated water quality were observed. Jar-test was carried out at 10% PAC concentration of coagulant in the range of 0 ~ 25 mg / L. As a result, turbidity removal rate was 56 ~ 62% in concentration range of 10 ~ 25 mg / L, Considering the operation cost, the injection concentration of 10 mg / L is considered to be the most optimal injection concentration. In the operation of DAF pilot plant, 10 mg / L of coagulant injection concentration derived from this experiment was applied. 
Operating Efficiency According to Saturator Water Level/Pressure Change
Turbidity removal rate experiments were carried out in a high rate DAF pilot plant according to the water level and pressure changes in the Saturator through a pressurized floating system capable of automatic. The turbidity of DAF treated water at each water level was observed by setting the water level in the saturator range from 33 to 48 mm. The pressure in the Saturator was in the range of 4.5 kgf/cm 2 to 6.0 kgf/cm 2 . At the surface loading rate of 30 m 3 /m 2 ·hr, the saturator water level and pressure change experiments showed the most effective results at 38% water level and 5.5 kgf/cm 2 pressure level, respectively. Edzwald (2001) suggested that DAF has high removal efficiency of Cryptosporidium as much as the oocyst log removal of about 2.5 for spring and 1.7 for winter. Furthermore, Edzwald and co-workers found that DAF is very suitable for treating backwash water which may contain pathogenic agents and can be achieved the effluent water turbidity of below 1 NTU when the feed water turbidity was in excess of 50 NTU [8] . Generally, the bubble size should be in the range of 10 to 120 ㎛ to form stable bubble-floc aggregates and its mean diameter is about 40 ㎛. Strong and small size floc particles can be produced by strong flocculation mixing and short flocculation time. Since bubbles and particles need to be attached and particle-bubble agglomerate density should be reduced to less than water, large flocs are not necessary for flotation unlike for sedimentation [9] . Recently, flotation was combined with filtration in one tank in Sweden and other countries [10, 11] .
Evaluation of Algae Cell Counts by High Rate DAF Pilot Plant
The efficiency of algae removal was evaluated through operation of a DAF combined process pilot plant (500 m3/d). As a result of the analysis of algae cell counts, it was found that the most of the algae species was diatoms which have been present from December of 2016 [12, 13] . The number of algae species of raw water in the DAF pilot plant was estimated to be 100-120 cells/mL in the winter to spring season. In DAF treated water, the number of algae was detected to be less than 100 cells/mL. In particular, the total algae cell counts of the influent water 0n April 13, 2017 was 257 cells/mL, which was 27 cells/mL in the DAF treated water, and the removal efficiency was about 90%. As a result of the experiment on the source of the Y water treatment plant, the algae cell counts in the DAF treated water was analyzed to be less than 100 cells/mL, and it is expected that the DAF process is effective in removing the algae from the raw water. 
Conclusion
The results of experiments on the flocculant dose in the DAF pilot plant for the Y water treatment plant showed the most efficient results at the concentration of 10 mg/L, however additional optimization experiment might be able to performed according to various raw water characteristics, At the surface loading rate of 30 m3/m2·hr, the saturator water level and pressure change experiments showed the most effective results at 38% water level and 5.5 kgf/cm2 pressure level, respectively. High rate DAF pilot plnat could be suitable process for the removal of turbidity. Turbidity results from continuous operation of High Rate DAF pilot plant under given conditions showed about 1.0 ~ 6.0 NTU of influent and about 0.48 ~ 1.0 NTU of treatment water. Also, the number of algae species of raw water in the DAF pilot plant was estimated to be 100-120 cells/mL in the winter to spring season. In DAF treated water, the number of algae was detected to AWSPT 127-7 be less than 100 cells/mL. As a result of the experiment on the source water of the Y water treatment plant, stable turbidity and algae removal possibility were confirmed while operating the DAF process under the condition of the surface loading rate of 30 m 3 /m 2 ·hr.
